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DRYINGAPPARATUS AND METHODS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application is a continuation of U.S. 
patent application Ser. No. 11/982,208, filedon Oct. 31, 2007, 
which is a divisional application of U.S. patent application 
Ser. No. 10/367,465, issued as U.S. Pat. No. 7,441,344, filed 
on Feb. 14, 2003, which is a divisional of U.S. patent appli 
cation Ser. No. 09/757,323, issued as U.S. Pat. No. 6,539,645, 
filed on Jan. 9, 2001, all of which are incorporated herein by 
reference. 

FIELD 

0002 The present invention relates to methods and appa 
ratus for drying a product, and more specifically, to methods 
and apparatus for drying a product which is in the form of a 
liquid or paste by removing moisture there from. 

BACKGROUND 

0003 Prior art drying apparatus and methods have been 
utilized for drying organic products which are in the form of 
liquids or semi-liquids Such as solutions and colloidal sus 
pensions and the like. These prior art drying apparatus have 
been used primarily to produce various dried or concentrated 
foodstuffs and food-related products, as well as nutritional 
Supplements and pharmaceuticals. The liquid products are 
usually first processed in a concentrator apparatus which 
employs a high-capacity heat Source. Such as steam or the 
like, to initially remove a portion of the moisture from the 
Suspension. Then, the concentrated products are often pro 
cessed in a prior art drying apparatus in order to remove a 
further portion of the remaining moisture. 
0004 Various types of prior art drying apparatus have 
been employed, including spray dryers and freeze dryers. 
While spray dryers are known to provide high processing 
capacity at a relatively low production cost, the resulting 
product quality is known to be relatively low. On the other 
hand, freeze dryers are known to produce products of high 
quality, but at a relatively high production cost. 
0005. In addition to spray dryers and freeze dryers, various 
forms of belt dryers have been used. Such prior art drying 
apparatus generally include an elongated, Substantially flat, 
horizontal belt onto which a thin layer of product is spread. 
The product is usually either in the form of a concentrated 
liquid or a semi-liquid paste. As the belt slowly revolves, heat 
is applied to the product from a heat source. The heat is 
absorbed by the product to cause moisture to evaporate there 
from. The dried product is then removed from the belt and 
collected for further processing, or for packaging, or the like. 
0006. A typical prior art apparatus and method is disclosed 
in U.S. Pat. No. 4,631,837 to Magoon. Referring to FIGS. 1 
and 2 of the 837 patent which are reproduced in the drawings 
which accompany the instant application as Prior Art FIGS. 1 
and 2, an elongated frame or structure is provided on which an 
elongated water-tight trough 10 is supported. The trough 10 is 
preferably made of ceramic tile. An insulation layer 12 is 
provided on the outer surface of the trough 10. The interior 
surface of the trough 10 is lined with a thin polyethylene sheet 
16. Parallel rollers 24, 26 are provided, with one roller being 
located at each end of the trough 10. One of the rollers 26 is 
driven by a motor. 
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0007. A water heater 15 and circulation system, including 
a pump and related piping, is also provided with the prior art 
apparatus of the 837 patent. The water heater 15 is config 
ured to heat a supply of water 14 to just below its boiling 
point, or slightly less than 100 degrees C. The pump and 
related piping system is configured to circulate the water 14 
through the trough 10 So that a minimum given water depth is 
maintained throughout the trough. In addition, the water 
heater 15 and related circulation system is configured to 
maintain the water Supply within the trough at a temperature 
which is slightly less than 100 degrees C. 
0008 A flexible sheet of polyester, infra-red transparent 
material 18 in the form of an endless belt is supported about 
the rollers 24, 26 at each end, and is also Supported on top of 
the water supply 14 within the trough 10. That is, the polyes 
ter belt 18 is driven by the roller 26 and revolves there about 
and the roller 24, while floating on the water 14 within the 
trough 10. A thin layer of liquid product 20 is dispensed onto 
the revolving belt 18 by way of a product discharge means 28 
which is located at an intake end of the apparatus. 
0009. As the layer of product 20 travels along the trough 
10 on the belt 18 which floats on-the water 14, the product is 
heated by the water 14 which is maintained near 100 degrees 
C., and on which the belt 18 floats. The heat from the water 14 
drives moisture from the product 20 until the product reaches 
the desired dryness, whereupon the product is removed from 
the belt 18. The rate at which the belt 18 moves through the 
trough 10 can be regulated so that the product 20 will reach its 
desired dryness at the discharge end of the apparatus where it 
is removed there from. 
0010 Several characteristics of the drying apparatus and 
method disclosed by the 837 patent lead to inconvenient and 
troublesome use of the apparatus. For example, the trough 10 
of a typical prior art apparatus as disclosed by the 837 patent 
has a length within the range of 12 to 24 meters or more. As a 
result, the apparatus occupies a relatively large amount of 
production space. Also, several potential problems regarding 
the operation of the prior art apparatus can be attributed to the 
use of water as a heat source. 
0011 For example, the prior art apparatus requires a rela 
tively massive water heating and circulation system 15 for its 
operation. The water heating and circulation system 15 can 
prove troublesome in several ways. First, the water heating 
and circulation system 15 adds complexity to the configura 
tion and construction of the apparatus as well as to its opera 
tion. The system 15 incorporates a water heater, a pump, and 
various pipes and valves which must all be maintained in a 
relatively leak-proofmanner. The required water heating and 
circulation system 15 can also deter the ease of mobility of the 
prior art dryer because of the bulky nature of the system and 
because of the need for a water supply. 
0012 Secondly, the water 14, which is maintained below 
the boiling point, can serve as a harbor for potentially dan 
gerous microbial organisms which can cause contamination 
of the product 20. Thirdly, the presence of a large amount of 
water 14 can serve to counter the objective of the prior art 
apparatus which is to remove moisture from the product 20. 
That is, the water 14, by way of inevitable leaks and evapo 
ration from the trough 10, can enter the product 20 thereby 
increasing the drying time of the product. 
0013 Moreover, because the water 14 is the sole source of 
heat for drying of the product 20, and because the water 
temperature is maintained below 100 degrees C., the process 
of drying of the product 20 is relatively slow. As a universally 
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accepted rule, the quantity of heat transferred between two 
bodies is proportional to the difference in the temperature of 
each of the bodies. Also, as a general rule, the moisture 
contained in the product to be dried must absorb a relatively 
great amount of energy in order to vaporize. The product 20 
initially contains a relatively high amount of moisture when it 
is initially spread onto the support surface 18. Thus, a rela 
tively high amount of heat energy is required to vaporize the 
moisture and remove it from the product 18. 
0014. However, because the temperature of the water heat 
Source of the prior art apparatus never exceeds 100 degrees 
C., the difference in the temperatures of the heat source and 
the product 20 is limited which, in turn limits the transfer of 
heat to the product. As the product 20 absorbs heat from the 
heat source, the temperature of the product will rise. This rise 
in temperature of the product as it travels through the appa 
ratus results in an even lower difference in temperature 
between the product 20 and heat source which, in turn, further 
reduces the amount of heat transfer from the heat source to the 
product. For this reason, the prior art apparatus often requires 
extended processing times in order to satisfactorily remove 
moisture from the product 20. 
0015. Also, the prior art apparatus and method of the 837 
patent does not provide for any flexibility in processing tem 
peratures because the temperature of the heat Source cannot 
be easily changed, if at all. For example, the production of 
Some products can benefit from specific temperature profiles 
during the drying process. The “temperature profile' of a 
product refers to the temperature of the product as a function 
of the elapsed time of the drying process. However, because 
the temperature of the heat Source of the prior art apparatus is 
not only limited to 100 degrees Centigrade, but also slow to 
change, the temperature profile of the product cannot be 
easily controlled, or changed. 
0016. Because the prior art apparatus disclosed by the 
837 patent employs water as a heat Source, and requires a 
large water heating system for its operation, the resulting 
prior art apparatus is large, heavy, immobile, complex, diffi 
cult to maintain, and can be a source of microbial contami 
nation of the product. Additionally, because the temperature 
of the water heat source utilized by the prior art method and 
apparatus is limited to less than 100 degrees Centigrade, the 
prior art method of drying can be slow and inefficient, and 
does not provide for modification or close control of the 
product temperature profile. 
0017. Therefore it has long been known that it would be 
desirable to provide a method and apparatus which achieve 
the benefits to be derived from similar prior art devices, but 
which avoid the shortcomings and detriments individually 
associated therewith. 

SUMMARY 

0.018. In accordance with a first embodiment of the inven 
tion, an apparatus generally includes a Support Surface which 
substantially allows radiant heat to pass there through. The 
Support Surface is configured to support a product on a first 
side thereof, while a dry radiant heat source is exposed to the 
second side of the Support Surface. A gap separates the radiant 
heat source from the Support Surface. The radiant heat Source 
can direct radiant heat toward the second side which heat 
passes through the Support Surface so as to be absorbed by the 
product for drying thereof. A sensor can be located in a 
position which is exposed to the first side of the support 
Surface. The sensor is configured to detect and measure at 

Sep. 24, 2015 

least one characteristic of the product, Such as its temperature, 
moisture content, chemical composition or the like. The mea 
Sured characteristic can be employed to regulate the tempera 
ture, and thus the heat output, of the heat source. Various other 
embodiments of drying apparatus in accordance with the 
instant invention which are similar to the first embodimentare 
discussed as well. 

0019. In accordance with a fifth embodiment of the inven 
tion, an apparatus includes an elongated chassis, and a Sup 
port Surface movably supported on the chassis. The Support 
surface can preferably be configured as an endless belt which 
is configured to be moved, or driven, by an actuator. A heater 
bank, which comprises at least a first dry radiant heat source 
and a second dry radiant heat Source, is Supported on the 
chassis so as to be exposed to the second side of the Support 
Surface and to direct radiant heat thereto. A gap separates the 
heater bank from the support surface. An opposite first side of 
the Support Surface is configured to Support a product and 
move the product through a plurality of control Zones in 
Succession. At least a first control Zone and a second control 
Zone are included in the apparatus. The temperature of each 
heat source within a given control Zone can be regulated 
independently of the temperature of any other heat source 
which is outside the given control Zone. A plurality of sensors 
which are configured to detect and measure at least one char 
acteristic of the product can also be included. The sensors can 
be employed to provide feedback for the regulation of the 
temperatures of each of the heat sources. 
0020. In accordance with a sixth embodiment of the inven 
tion, a method of drying a product is provided. The method 
includes providing a Support Surface having a first side and an 
opposite second side. The product is placed on the first side of 
the Surface and radiant heat is directed across a gap to the 
second side of the surface to dry the product thereon. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021 Preferred embodiments of the invention are 
described below with reference to the following accompany 
ing drawings. 
0022 FIG. 1 is a side elevation diagram of a prior art 
apparatus. 
0023 FIG. 2 is a partial perspective of the prior art appa 
ratus depicted in FIG. 1. 
0024 FIG. 3 is a side elevation diagram of an apparatus in 
accordance with a first embodiment of the present invention. 
0025 FIG. 3A is a side elevation diagram of an apparatus 
in accordance with a second embodiment of the present 
invention. 

0026 FIG. 3B is a side elevation diagram of an apparatus 
in accordance with a third embodiment of the present inven 
tion. 

0027 FIG. 3C is a top plan view of an apparatus in accor 
dance with a fourth embodiment of the present invention. 
0028 FIG. 3D is a side elevation diagram showing an 
alternative operational control scheme for the apparatus 
depicted in FIG. 3 
0029 FIG. 4 is a side elevation diagram of an apparatus in 
accordance with a fifth embodiment of the present invention. 
0030 FIG. 5 is a schematic diagram showing one possible 
configuration of communication links between the various 
components of the apparatus depicted in FIG. 4. 
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DETAILED DESCRIPTION 

0031. The present invention provides for methods and 
apparatus for drying a product containing moisture. The 
apparatus generally includes a Support Surface which is Sub 
stantially transparent to radiantheat. The productis Supported 
on a first side of the support surface while radiant heat is 
directed toward a second side of the support surface to heat 
the product for drying. The apparatus can also generally 
include a sensor which is configured to detect and measure at 
least one characteristic of the product, Such as temperature or 
moisture content. The measurement of the product character 
istic can be used to regulate the temperature of the heat Source 
So as to radiate a desired quantity of heat to the product. 
0032 Referring to FIG. 3, a side elevation view of a basic 
drying apparatus 100 in accordance with a first embodiment 
of the present invention is depicted. The drying apparatus 100 
is generally configured to remove a given amount of moisture 
from a product “P” to dry or concentrate the product. The 
product “P” can be in any of a number of types, including 
aqueous colloidal Suspensions, or the like, which can be in the 
form of a liquid or paste, and from which moisture is to be 
removed there from by heating. The product “P” is generally 
spread, or otherwise placed, onto the apparatus 100 for dry 
ing. Once the product “P” has reached the desired dryness, it 
is then removed from the apparatus 100. 
0033. The apparatus comprises a support surface 110 onto 
which the product “P” is placed for 10 drying. The support 
surface 110 has a first side 111 which is configured to support 
a layer of the product “P” thereon as shown. The support 
surface also has second side 112 which is opposite the first 
side 111. Preferably, the first side 111 is substantially flat and 
Supported in a Substantially horizontal manner so that, in the 
case of a liquid product “P” a substantially even layer thereof 
is formed on the first side. In addition, lips 115 can be formed 
on the edges of the support surface 110 for the purpose of 
preventing the product “P” from running off the first side 111 
of the Support Surface. 
0034. The support surface 110 can be configured as a 
Substantially rigid tray or the like as shown. However, in an 
alternative embodiment of the present invention which is not 
shown, the support surface 110 can be a relatively thin, flex 
ible sheet which is supported by a suitable support system or 
the like. The support surface 110 is configured to allow radi 
antheat to pass there through from the second side 112 to the 
first side 111. The term “radiant heat” means heat energy 
which is transmitted from one body to another by the process 
generally known as radiation, as differentiated from the trans 
mission of heat from one body to another by the processes 
generally known as conduction and convection. 
0035. The support surface 110 is fabricated from a mate 

rial which is Substantially transparent to radiant heat and also 
able to withstand temperatures of up to 300 degrees Fahren 
heit. Preferably, the support surface 110 is fabricated from a 
material comprising plastic. The term "plastic’ means any of 
various nonmetallic compounds synthetically produced, usu 
ally from organic compounds by polymerization, which can 
be molded into various forms and hardened, or formed into 
pliable sheets or films. 
0036 More preferably, the support surface 110 is fabri 
cated from a material selected from the group consisting of 
acrylic and polyester. Such materials, when utilized in the 
fabrication of a support surface 110, are known to have the 
desired thermal radiation transmission properties for use in 
the present invention. Further, plastic resins can be formed 
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into a uniform, flexible sheet, or into a seamless, endless belt, 
which can provide additional benefits. 
0037 Also, such materials are known to provide a smooth 
surface for even product distribution, a low coefficient of 
static friction between the support surface 110 and the prod 
uct “P” supported thereon, flexibility, and resistance to rela 
tively high temperatures. In addition, such materials are Sub 
stantially transparent to radiant heat, have relatively, high 
tensile strengths, and are relatively inexpensive and easily 
obtained. 
0038. The apparatus 100 can also comprise a chassis 120. 
The chassis is preferably rigidly constructed and can include 
a set of legs 122 which are configured to rest on a floor 101 or 
other Suitable foundation, although the legs can also be con 
figured to rest on bare ground or the like. The chassis 120 can 
also include a bracket 124, or the like, which is configured to 
support thereon a dry radiant heat source 130 which is 
exposed to the second side 112 of the support surface 110. 
0039. The term “exposed to means positioned such that a 
path, either director indirect, can be established for the trans 
mission of radiant heat energy, wave energy, or electromag 
netic energy between two or more bodies. The heat source 
130 is configured to direct radiant heat “H” across a gap “G” 
and toward the second side 112 of the support surface 110. 
0040. The term “dry radiant heat source” means a device 
which is configured to produce and emit radiant heat, as well 
as direct the radiantheat across a gap to another body, without 
the incorporation or utilization of any liquid heating medium 
or substance of any kind, including water. The term 'gap' 
means a space which separates two bodies between which 
heat is transferred substantially by radiation and wherein the 
two bodies do not contact one another. 
0041 Since the apparatus 100 does not employ water, or 
other liquid, as a heating Source or heating medium, the 
apparatus 100 is greatly simplified over prior art apparatus 
which do employ liquid heating media. In addition, the 
absence of a liquid heat medium in the apparatus 100 provides 
additional benefits. 
0042. For example, the absence of a water heating medium 
decreases likelihood of microbial contamination of the prod 
uct “P” as well as the likelihood of re-wetting the product. 
Moreover, the absence of liquid heating medium and associ 
ated eating/pumping system enables the apparatus 100 to be 
moved and set up relatively easily and quickly which can 
provide benefits in Such applications as on-site field harvest/ 
processing. 
0043. The dry radiant heat source 130 is preferably con 
figured to direct radiant heat “H” toward the second side 112 
of the support surface 110. Preferably, the dry radiant heat 
source 130 is positioned relative to the support surface 110 
such that the second side 112 thereof is directly exposed to the 
radiant heat source. However, in an alternative embodiment 
of the present invention which is not shown, reflectors or the 
like can be employed to direct the radiant heat “H” from the 
radiant heat source 130 to the second side 112 of the support 
surface 110. Also, although it is preferable for the heat source 
130 to be positioned so as to direct heat “H” toward the second 
side 112, it is understood that the heat source can be posi 
tioned so as to direct heat toward the first side 111, and thus 
directly at the product “P” in accordance with other alterna 
tive embodiments of the present invention which are not 
shown. 
0044 Preferably, the radiant heat source 130 is configured 
to operate using either electrical power orgas. The term 'gas” 
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means any form of combustible fuel which can include 
organic or petroleum based products or by-products which 
are either in a gaseous or liquid form. More preferably, the 
radiant heat source 130 is selected from the group consisting 
of gas radiant heaters, and electric heaters. The term 'gas 
radiant heaters' means devices which produce substantially 
radiant heat by combusting gas. The term "electric radiant 
heaters' means devices which produce substantially radiant 
heat by drawing electrical current. Various forms of such 
heaters are known in the art. The use of such heaters as the 
heat source 130 can be advantageous because of the several 
benefits associated therewith. 
0045. For example, such heaters can attain high tempera 
tures and can produce large quantities of radiant heatenergy. 
Such heaters can attain temperatures of at least 100 degrees 
Centigrade and can attain temperatures significantly greater 
than 100 degrees Centigrade. The high temperatures attain 
able by these heaters can be beneficial in producing large 
amounts of heat energy. In addition, the temperature of the 
heater, and thus the amount of radiant heat energy produced, 
can be relatively quickly changed and can be easily regulated 
by proportional modulation thereof. Also, such heaters gen 
erally tend to be relatively light in weight compared to other 
heat Sources, and are generally resistant to shock and vibra 
tion. 
0046 Since electric radiant heaters such as quartz heaters 
and ceramic heaters draw electrical powerfor operation, Such 
heaters can be operated either from a portable generator, or 
from a permanent electrical power grid. Similarly, radiant gas 
heaters can be operated either from a portable gas Supply, 
Such as a liquified natural gas tank, or from a gas distribution 
system such as an underground pipeline system. Further 
more, heaters such as those discussed above are generally 
known to provide long, reliable operating life and can be 
serviced easily. 
0047. The radiant heat source 130 is preferably configured 
to reach a temperature greater than 100 degrees, Centigrade, 
and more preferably, the heat source is configured to reach a 
temperature significantly greater than 100 degrees, Centi 
grade. Such as 150 degrees, Centigrade. The radiant heat 
source 130 can be configured to vary the amount of radiant 
heat that is directed toward the support surface 110. That is, 
the radiant heat source 130 can be configured to modulate the 
amount of heat that it directs toward the support surface 110. 
0048 Preferably, the radiant heat source 130 can be con 
figured modulate so that the temperature thereof can be 
increased or decreased in a rapid manner. The heat source 130 
can be configured to modulate by employing an “on/off 
control scheme. Preferably, however, the heat source can be 
configured to modulate by employing a true proportional 
control scheme. 
0049. To facilitate the operational control of the heat 
source 130, the apparatus 100 can include a control device 
131 which is connected to the heat source. The control device 
131 can be an electrical relay as in the case of an electrically 
powered heat source 130. Alternatively, the control device 
131 can be a servo valve as in the case of a gas powered heat 
Source 130. 

0050. The support surface 110 can be configured to be 
movable with respect to the radiant heat source 130. For 
example, the Support Surface 110 can be configured as a 
movable tray which can be placed onto, and removed from, 
the chassis 120 as shown in FIG. 3. In an alternative configu 
ration of the first embodiment of the invention, the chassis 
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120 can include rollers or the like on which the support 
surface 110 can be supported and moved. 
0051. For example, referring to FIG. 3A, a side elevation 
diagram is shown of an apparatus 100A in accordance with a 
second embodiment of the present invention. As is evident, 
the support surface 110A of the apparatus 100A is configured 
as an endless belt comprising a flexible sheet Supported by 
rollers 123. The support surface 110A can be configured to 
move, or circulate, in the direction "D.' 
0.052 The rollers 123 are, in turn, supported by the chassis 
120A which also supports at least one heat source 130. The 
heat source 130 is configured to direct radiant heat “H” 
toward the second side 112 of the support surface 110A. 
Opposite the second side 112, is the first side 111 of the 
support surface 110A which is configured to movably support 
the product “P” thereon. As is seen, the configuration of the 
apparatus 100A can provide for continuous processing of the 
product “P” 
0053 Turning now to FIG.3B, a side elevation diagram is 
shown which depicts an apparatus 100B in accordance with a 
third embodiment of the present invention which is similar to 
the apparatus 100A discussed above for FIG. 3A. However, 
the support surface 110B of the apparatus 100B is not only 
configured as an endless belt, but also comprises a plurality of 
rigid links 113 which are pivotally connected to one another 
in a chain-like manner. 
0054 As shown, the apparatus 100B comprises a chassis 
120 which rotatably supports rollers 123 thereon. The rollers 
123 in turn movably support the support surface 110B 
thereon, which can be configured to move, or circulate, in the 
direction “D.” The chassis 120 also supports aheat source 130 
thereon which is configured to direct radiant heat “H” toward 
the second side 112 of the support surface 110B. The support 
surface 110B is configured to support the product “P” on the 
first side 111 which is opposite the second side 112. 
0055 Moving to FIG. 3C, a top plan view is shown of an 
apparatus 100C in accordance with a fourth embodiment of 
the present invention. In accordance with the apparatus 100C, 
the support surface 110C is substantially configured as a flat, 
horizontal ring which is configured to rotate in the direction 
“R” The support surface 110C can be configured to rotate in 
the direction “R” about a center portion 114 which can com 
prise a bearing (not shown) or the like. The upper, or first, side 
111 of the support surface 110A is configured to support the 
product “P” thereon. 
0056. The product “P” can be placed onto the first side 111 
of the support surface 110A at an application station 140, and 
can be removed from the Support Surface at a removal station 
142. At least one heat Source (not shown) can be positioned 
beneath the support surface 110A such that radiant heat (not 
shown) is directed from the heat Source to a lower, or second, 
side (not shown) which is opposite the first side 1111. 
0057 Returning now to FIG. 3, the apparatus 100 can 
comprise a controller 150 such as a digital processor or the 
like for executing operational commands. The controller can 
be in communication with the radiantheat source 130 by way 
of the control device 131 as well as at least one communica 
tion link 151. The communication link 151 can include either 
wire communication, or wireless communication means. The 
term "in communication with means capable of sending or 
receiving data or commands in the form of signals which are 
passed via the communication link 151. 
0058. The apparatus 100 can also comprise a sensor 160 
which can be supported by a ceiling 102 or other suitable 
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Support, and which can be in communication with the con 
troller 150 by way of a communication link 151. The sensor 
160 is configured to detect and measure at least one charac 
teristic of at least a portion of the product “P” The character 
istic can include, for example, the temperature of the product 
“P” the moisture content of the product, or the chemical 
composition of the product. The sensor 160 can be any of a 
number of sensor types which are known in the art. Prefer 
ably, the sensor 160 is either an infrared detector, or a bime 
tallic sensor. 
0059. The apparatus 100 can further include an operator 
interface 170 which is in communication with the controller 
150 and which is configured to allow an operator to input 
commands or data into the controller 150 by way of a keypad 
or the like 172 which can be included in the operator interface. 
The operator interface 170 can also be configured to commu 
nicate information regarding the operation of the apparatus 
100 to the operator by way of a display screen or the like 171 
which can also be included in the operator interface. The 
controller can include an algorithm 153 which can be config 
ured to automatically carry out various steps in the operation 
of the apparatus 100. The controller 150 can further include a 
readable memory 155 such as a digital memory or the like for 
storing data. 
0060. During operation of the apparatus 100, the product 
“P” can be placed upon the first side 111 of the support 
surface 110. Various means of placing the product “P” upon 
the first side 111 can be employed, including spraying, drip 
ping, pouring, and the like. The operator of the apparatus 100 
can input various data and commands to the controller 150 by 
way of the operator interface 170. These data and commands 
input by the operator can include the type of product “P” to be 
processed, the temperature profile to be maintained in the 
product, as well as “start” and “stop' commands. 
0061 The algorithm 153 can include at least one prede 
termined heat curve which is associated with at least one 
particular product “P” The term “heat curve” means a locus of 
values associated with the amount of heat produced by the 
heat source 130 and which locus of values is a function of 
elapsed time. After the operator identifies the particular prod 
uct “P” and inputs this into the controller 150, the drying 
process, in accordance with temperature parameters dictated 
by the predetermined heat profile, can be carried out auto 
matically. In addition, the drying process can be adjusted “on 
the fly’ based on inputs from the sensor 160 received by the 
controller during the process, as described below. 
0062 Once the drying operation begins, the sensor 160 
can detect and measure at least one characteristic of at least a 
portion of the product “P” such as the temperature, moisture 
content, or chemical composition thereof. The sensor 160 can 
be instructed by the controller 150, or otherwise configured, 
to repeatedly perform the detection and measurement of a 
characteristic of the product “P” at given intervals during the 
operation of the apparatus 100. Alternatively, the sensor 160 
can be configured to continuously detect and measure the 
characteristic during the operation of the apparatus 100. 
0063. The measured characteristic which is detected and 
measured by the sensor 160 can be converted into a signal, 
Such as a digital signal, and can then transmitted to the con 
troller 150 by way of one of the communication links 151. 
The controller 150 can then receive the signal sent by the 
sensor 160, and can then store the signal as readable data in 
the readable memory 155. The controller 150 can then cause 
the algorithm 153 to be activated, wherein the algorithm can 
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access the data in the readable memory 155 and then use the 
data to initiate an automatic operational command. 
0064. For example, the controller 150 can use the signal 
data sent by the sensor 160 to control the radiant heat source 
130. That is, the controller 150 can use the signal data from 
the sensor 160 to control the amount of radiant energy “R” 
directed toward the support surface 110. This can be accom 
plished in various manners such as by turning the heat source 
on or off for specific time intervals, or by proportionally 
modulating the heat output produced by the energy source 
130. 
0065. In a typical drying operation, for example, a product 
“P” can be placed onto the first side 111 of the support surface 
110 as shown so as to be supported thereon. The operator can, 
by way of the interface 170, communicate to the controller 
150 the type of product “P” which is to be dried. Alternatively, 
the operator can enter other data such as the estimated mois 
ture content, or the like, of the product “P” The operator can 
also cause the apparatus 100 to commence a drying operation 
by entering a “start command into the interface 170. 
0066. When the drying operation commences, the sensor 
160 can detect and measure a characteristic of the product “P” 
Such as the temperature, moisture content, or chemical com 
position thereof. The sensor 160 can then convert the mea 
Surement of the characteristic to a signal and then send the 
signal to the controller 150. For example, if the measured 
characteristic is the temperature of the product, then the sen 
sor can send to the controller 150 a signal which contains data 
regarding the temperature of the product. 
0067. The controller 150 can use the data sent by the 
sensor 160 to regulate various functions of the apparatus 100. 
That is, the controller 150 can regulate the amount of radiant 
heat “H” produced by the radiantheat source 130 and directed 
to the product “P” as a function of the characteristic detected 
and measured by the sensor 160. 
0068. The controller 150 can also regulate the amount of 
radiant heat “H” produced by the radiant heater 130 as a 
function of elapsed time, as well as the particular type of 
product “P” which is to be dried. In alternative embodiments 
such as those described above for FIGS. 3A, 3B, and 3C, 
wherein the support surface 110 is configured to move the 
product “P” past the heat source 130, the controller 150 can 
regulate the speed at which the support surface 110, and thus 
the product, moves past the heat source. 
0069. The particular type of product “P” to be dried can 
have an optimum profile associated therewith, which, when 
adhered to, can optimize a given production result Such as 
minimum drying time, or maximum quality of the product 
“P” The term “profile” means a locus of values of one or more 
measured product characteristics as a function of elapsed 
time. For example, a given product “P” can have associated 
therewith a given optimum temperature profile, an optimum 
moisture content profile, or an optimum chemical composi 
tion profile. The readable memory 155 can store optimum 
profiles for several types of products “P” Each of the stored 
optimum profiles can then be accessed by the algorithm 153 
in accordance with instructions or commands entered into the 
controller 150 by the operator. 
(0070 For example, the particular product “P” to be dried, 
for example, can have an optimum temperature profile that 
dictates an increase in the temperature of the product at a 
maximum rate possible and to a temperature of 100 degrees 
Centigrade. The optimum temperature profile can further dic 
tate that, once the product “P” attains a temperature of 100 
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degrees Centigrade, the product temperature is to be main 
tained at 100 degrees Centigrade for an elapsed time of five 
minutes, after which the temperature of the product “P” is to 
decrease at a Substantially constant rate to ambient tempera 
ture over an elapsed time often minutes. 
0071. The algorithm 153 can attempt to maintain the 
actual temperature of the product “P” so as to substantially 
match the optimum temperature profile stored in the a given 
temperature profile of Ule product “P” by regulating the 
amount of heat energy “H” produced by the heat source 130. 
For example, in order to cause the temperature of the product 
“P” to increase rapidly so as to substantially match the opti 
mum temperature profile, the algorithm 153 can cause the 
radiant heat source 130 to initially produce maximum output 
of radiant heat “H.” This can be accomplished by causing the 
temperature of the heat source to increase rapidly to a rela 
tively high level. 
0072. The heatenergy “H” is directed from the heat source 
130 to the second side 112 of the support surface 110. 
Because the support surface 110 in configured to allow the 
radiant heat “H” to pass there through, the product “P” will 
absorb at least a portion of the radiant heat. The absorption of 
the heat energy “H” by the product “P” results in an increased 
temperature of the product which, in turn, promotes moisture 
evaporation from the product. When the sensor 160 detects 
that the product “P” has reached a given temperature, such as 
100 degrees Centigrade, the algorithm 153 can then begin a 
first elapsed time countdown having a given duration, Such as 
five minutes. 
0073. During the first countdown, the algorithm 153, in 
conjunction with temperature measurements received from 
the sensor 160, can regulate the amount of heat output “H” 
produced by the radiant heat source 130 in order to maintain 
the temperature of the product “P” at a given temperature, 
Such as 100 degrees Centigrade. For example, as moisture 
evaporates from the product “P” the product can require less 
heat energy “H” to maintain a given temperature. At the end 
of the first countdown, the algorithm 153 can then begin a 
second elapsed time countdown having a given duration, Such 
as ten minutes. 
0074. During the second countdown, the algorithm 153 
can control the heat output “H” of the radiant heat source 130 
in accordance with the temperature measurements received 
from the sensor 160 in order to maintain an even decrease in 
the product temperature from, for example, 100 degrees Cen 
tigrade to ambient temperature, whereupon the drying opera 
tion is complete. Once the product “P” attains ambient tem 
perature, or another given temperature, controller 150 can 
send a signal to the operator interface 170 which, in turn, can 
generate an audible or visual signal detectable by the opera 
tor. This audible or visual signal can alert the operator that the 
drying operation is complete. 
0075. The operator can then remove the finished, dried 
product “P” from the apparatus 100. 
0076 Moving now to FIG. 3D, a side elevation diagram is 
shown of an apparatus 100D which is an alternate configura 
tion in accordance with the first embodiment. The apparatus 
100D depicts an alternative control scheme which can be used 
in place of that depicted in FIG. 3 for the apparatus 100. In 
accordance with the alternative control scheme which is 
depicted in FIG. 3D, the apparatus 100D can comprise a 
display 177 and a manual heat source control 178. The display 
177 is connected to the sensor 160 by way of a communica 
tion link 151. The display is configured to display data relat 
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ing to at least on characteristic of the product “P” which is 
detected and measured by the sensor 160. 
0077. The manual heat source control 178 is connected to 
the relay 131 by way of another communication link 151. The 
manual heat source control 178 is configured to receive 
operator input commands relating to the amount of heat “R” 
produced by the heat source 130. That is, the manual heat 
source control 178 can be set by the operator to cause the heat 
source 130 to produce a given amount of heat “R” 
0078. In operation, the operator can initially set the 
manual heat source control 178 to cause the heat source 130 
to produce a given amount of heat “R” The manual heat 
source control 178 then sends a signal to the relay 131 by way 
of a communication link 151. The relay 131 then receives the 
Signal and causes the heat source 130 to produce the given 
amount of heat “H.” The operator then monitors the display 
177. 
007.9 The sensor 160 can continually detect and measure 
a given characteristic of the product “P” The sensor can send 
a signal to the display 177 which relates to the measured 
characteristic. The display receives the signal and converts 
the signal to a value which it displays and which is readable by 
the operator. The operator can then adjust the heat “R” pro 
duced by the heat source 130 in response to the information 
relating to the measured characteristic which is read from the 
display 177. 
0080. As is seen, the apparatus 100, as well as the various 
other configurations thereof and related embodiments, can 
allow for much greater control of the amount of heat that is 
transferred to the product than can the various apparatus of 
the prior art. Because of this, the apparatus 100 of the present 
invention can produce products “P” having higher quality, 
and can produce the products in a more efficient manner, than 
the drying apparatus of the prior art. 
I0081. As is further seen, the apparatus 100 can be suited 
for “batch' type of drying processes in which case the support 
Surface 110 is not moved during the drying operation. In 
alternative embodiments such as those depicted in FIGS. 3A, 
3B, and 3C, the support surface 110 can be configured to 
move the product “P” past the radiant heat source 130 and 
sensor 160, in which case a continuous drying process can be 
attained. In yet another embodiment of the present invention, 
which is described below, an apparatus 200 can be particu 
larly suitable for producing a high-quality product in a high 
output, continuous drying process. 
I0082 Referring to FIG.4, a side elevation view of a drying 
apparatus 200 in accordance with a fifth embodiment of the 
present invention is depicted. The apparatus 200 comprises a 
chassis 210 which can be a rigid structure comprising various 
structural members including legs 212 and longitudinal frame 
rails 214 connected thereto. The legs 212 are configured to 
support the apparatus 200 on a floor 201 or other suitable 
base. 
I0083. The chassis 210 can also comprise various other 
structural members. Such as cross-braces (not shown) and the 
like. The chassis 210 can be generally constructed in accor 
dance with known construction methods, including welding, 
fastening, forming and the like, and can be constructed from 
known materials such as aluminum, Steel and the like. The 
apparatus 200 is generally elongated and has a first, intake 
end 216, and an opposite, distal, second, out feed end 218. 
I0084. The apparatus 200 can further comprise a plurality 
of substantially parallel, transverse idler rollers 220 which are 
mounted on the chassis 210 and configured to rotate freely 
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with respect thereto. At least one drive roller 222 can also be 
included in the apparatus 200 and can be supported on the 
chassis 210 in a Substantially transverse manner as shown. 
0085. An actuator 240, such as an electric motor, can be 
included in the apparatus 200 as well, and can be supported on 
the chassis 210 proximate the drive roller 222. A drive linkage 
240 can be employed to transfer power from the actuator 240 
to the drive roller 222. A speed controller 244, such as an 
alternating current (A/C) variable speed control device or 
the like, can be included to control the output speed of the 
actuator 240. 

I0086. The apparatus 200 comprises a support surface 230, 
which has a first side 231 and an opposite second side 232. 
The support surface 230 is movably supported on the chassis 
210. The support surface 230 is configured to allow radiant 
heat energy to pass there through from the second side 212 to 
the first side 211. 

I0087 Preferably, the support surface 230 is fabricated 
from a material comprising plastic. More preferably, the Sup 
port surface 230 is fabricated from a material selected from 
the group consisting of acrylic and polyester. Also, prefer 
ably, the support surface 230 is configured to withstand tem 
peratures of up to at least 300 degrees Fahrenheit. The support 
surface 230 is configured as an endless flexible belt as shown, 
at least a portion of which can preferably be substantially flat 
and level. 

0088 As an endless belt form, the support surface 230 is 
preferably supported on the idler rollers 220 and drive roller 
222. The support surface 230 can be configured to be driven 
by the drive roller 222 so as to move, or circulate, in the 
direction "D' relative to the chassis 210. As is seen, the 
Support Surface 230 can be configured so as to extend Sub 
stantially from the intake end 216 to the out feed end 218. A 
take up device 224 can be supported on the chassis 210 and 
employed to maintain a given tension on the Support Surface 
230. 

I0089. The first side 231 of the support surface 230 is 
configured to supporta layer of product “P” thereon as shown. 
The first side 231 is further configured to move the product 
“P” substantially from the intake end 216 to the out feed end 
218. The product “P” can be in one of many possible forms, 
including liquid colloidal Suspensions, Solutions, syrups, and 
pastes. Is the case of a liquid product “P” having a relatively 
low viscosity, an alternative embodiment of the apparatus 
which is not shown can include a longitudinal. Substantially 
upwardly-extending lip (similar to the lip 115 shown in FIG. 
3) which can be formed on each edge of the support surface 
230 to prevent the product from running off. 
0090. The product “P” can be applied to the first side 231 
of the support surface 230 by an application device 252 which 
can be included in the apparatus 200 and which can be located 
proximate the intake end 216 of the apparatus 200. In the case 
of a liquid product “P” the product can be applied to the 
support surface 230 by spraying, as shown. Although FIG. 4 
depicts a spraying method of applying the product “P” to the 
support surface 230, it is understood that other methods are 
equally practicable. Such as dripping, brushing, and the like. 
0091. A removal device 254 can also be included in the 
apparatus 200. The removal device 254 is located proximate 
the out feed end 218, and is configured to remove the product 
“P” from the support surface 230. The product “P” can be in 
a dry or semi-dry state when removed from the Support Sur 
face 230 by the removal device 254. 
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0092. The removal device 254 can comprise a sharp bend 
in the support surface 230 as shown. That is, as depicted, the 
removal device 254 can be configured to cause the support 
Surface 230 to turn sharply around a corner having a radius 
which is not more than about twenty times the thickness of the 
support surface 230. Also, preferably, the support surface 230 
forms a turn at the removal device 254 which turn is greater 
than 90 degrees. More preferably, the turn is about between 
90 degrees and 175 degrees. 
(0093. The type of removal device 254 which is depicted 
can be particularly effective in removing certain types of 
product “P” which arc substantially dry and which exhibit 
Substantially self-adherence properties. It is understood, 
however, that other configurations of removal devices 254, 
which are not shown, can be equally effective in removing 
various forms of product “P” from the support surface, 
including scraper blades, low frequency vibrators, and the 
like. As the product “P” is removed from the support surface 
230 at the out feed end 218, a collection hopper 256 can be 
employed to collect the dried product. 
0094. The apparatus 200 comprises a heater bank 260 
which is supported on the chassis 210. The heater bank 260 
comprises one or more first heat Sources 261 and one or more 
second heat sources 262. The heater bank 260 can also com 
prise one or more third heat sources 263 and at least one 
preheater heat source 269. The heat sources 261, 262, 263, 
269 are supported on the chassis 210 and are configured to 
direct radiant heat “H” across a gap “G” and toward the 
second side 232 of the support surface 230. 
(0095. Each of the heat sources 261,262,263,269 are dry 
radiant heat sources as defined above for FIG. 3. The heat 
sources 261, 262, 263,269 are preferably selected from the 
group consisting of gas radiant heaters and electric radiant 
heaters. Furthermore, each of the heat sources 261,262, 263, 
269 is preferably configured to modulate, or incrementally 
vary, the amount of radiant heat produced thereby in a pro 
portional manner. The operation of the heat sources 261,262, 
263,269 is more fully described below. 
0096. The apparatus 200 can comprise an enclosure 246, 
such as a hood or the like, which is employed to cover the 
apparatus. The enclosure 246 can be configured to contain 
conditioned air “A” which can be introduced into the enclo 
sure through an inlet duct 226. Before entering the enclosure, 
the conditioned air 'A' can be processed in air conditioning 
unit (not shown) so as to have a temperature and humidity 
which is beneficial to drying of the product “P” The condi 
tioned air “A” can circulate through the enclosure 246 before 
exiting the enclosure by way of an outlet duct 228. Upon 
exiting the enclosure 246, the conditioned air “A” can be 
returned to the air conditioning unit, or can be vented to 
exhaust. 
0097. The apparatus 200 can further comprise a first sen 
sor 281, a second sensor 282, and a third sensor 283. It is 
understood that, although three sensors 281, 282, 283 are 
depicted, any number of sensors can be included in the appa 
ratus 200. Each of the sensors 281,282,283 can be supported 
on the enclosure 246, or other suitable structure, in a substan 
tially evenly spaced manner as shown. Each of the sensors 
281, 282,283 can be any of a number of sensor types which 
are known in the art. Preferably, in the case of detecting 
temperature of the product “P” each of the sensors 281, 282, 
283 is either an infrared detector or a bimetallic sensor. 
(0098 Preferably, the sensors 281,282,283 are positioned 
so as to be substantially exposed to the first side 231 of the 
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support surface 230. The sensors 281,282,283 are configured 
to detect and measure at least one characteristic of the product 
“P” while the product is movably supported on the first side 
231 of the support surface 230. Characteristics of the product 
“P” which are detectable and measurable by the sensors 281, 
282, 283 can include the temperature, moisture content, and 
chemical composition of the product. Operational aspects of 
the sensors 281, 282,283 are more fully described below. 
0099. The apparatus 200 can comprise a controller 250 for 
controlling various functions of the apparatus during opera 
tion thereof. The controller 250 can include any of a number 
of devices such as a processor (not shown), a readable 
memory (not shown), and an algorithm (not shown). The 
controller 250 will be discussed in further detail below. In 
addition to the controller 250, the apparatus 200 can include 
an operator interface 235 which can be in communication 
with the controller. 
0100. The operator interface 235 can be configured to 
relay information regarding the operation of the apparatus 
200 to the operator by way of a display screen 237 such as a 
CRT or the like. Conversely, the operator interface 235 can 
also be configured to relay data or operational commands 
from the operator to the controller 250. This can be accom 
plished by way of a keypad 239 or the like which can also be 
in communication with the controller 250. 
0101. As is seen, a plurality of control Zones Z1, Z2, Z3 are 
defined on the apparatus 200. That is, the apparatus 200 
includes at least a first control Zone Z1, which is defined on 
the apparatus between the intake end 216 and the out feed end 
218. A second control Zone Z2 is defined on the apparatus 200 
between the first control Zone Z1 and the out feed end 218. 
The apparatus 200 can include additional control Zones as 
well, such as a third control Zone Z3 which is defined on the 
apparatus between the second control Zone Z2 and the out 
feed end. Each control Zone Z1, Z2, Z3 is defined to be 
stationary relative to the chassis 210. 
0102) A study of FIG. 4 will reveal that each first heat 
source 261, as well as the first sensor 281 are located within 
the first control Zone Z1. Likewise, each second heat source 
262, and the second sensor 282, are located within the second 
control Zone Z2. Each third heat source 263, and the third 
sensor 283, are located within the third control Zone Z3. It is 
further evident that the support surface 230 moves the product 
“P” through each of the control Zones Z1, Z2, Z3. That is, as 
the actuator 240 moves the support surface 230 in the direc 
tion “D, a given portion of the product “P” which is sup 
ported on the Support Surface, is moved successively through 
the first control Zone ZI and then through the second control 
Zone Z2. 

0103. After being moved through the second control Zone 
Z2, the given portion of the product “P” can then be moved 
through the third control Zone Z3 and onto the removal device 
254. As is seen, at least a portion of the heater bank 260, such 
as the pre-heater heat source 269, can lie outside any of the 
control Zones ZI, Z2, Z3. Furthermore, a cooling Zone 248 can 
be defined relative to the chassis 210 and proximate the out 
feed end 218 of the apparatus 200. The cooling Zone 248 can 
be configured to employ any of a number of known means of 
cooling the product “P” as the product 20 passes through the 
cooling Zone. 
0104 For example, the cooling Zone 248 can be config 
ured to employ a refrigerated heat sink (not shown) Such as a 
cold black body, or the like, which is exposed to the second 
side 232 of the support surface 230 and which positioned 
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within the cooling Zone. Such a heat sink can be configured to 
cool the product “P” by radiant heat transfer from the product 
and through the support surface 230 25 to the heat sink. One 
type of heat sink which can be so employed can be configured 
to comprise an evaporator coil which is a portion of a refrig 
eration system utilizing a fluid refrigerant Such as Freonor the 
like. 

0105. It is understood that the cooling Zone 248 can have a 
relative length which is different than depicted. It is further 
understood that other means of cooling can be employed. For 
example, the cooling Zone 248 can be configured to incorpo 
rate a convection cooling system (not shown) in which cooled 
air is directed at the second side 232 of the support surface 
230. Furthermore, the cooling Zone 248 can be configured to 
incorporate a conductive cooling system (not shown) in 
which refrigerated rollers or the like contact the second side 
232 of the support surface 230. The operation of the apparatus 
200 can be similar to that of the apparatus 100 in accordance 
with the first embodiment of the present invention which is 
described above for FIG. 3, except that the product “P” is 
moved continuously past the heat sources 261,262, 263,269 
and sensors 281,282,283. As depicted in FIG. 4, the product 
“P” can be applied to the first side 231 of the moving support 
surface 230 proximate the intake end 216. 
0106 The support surface 230 is driven by the actuator 
240 by way of the drive link 242 and drive roller 222 so as to 
revolve in the direction “D’ about the idler rollers 220. The 
product “P” can be in a substantially liquid state when applied 
to the support surface 230 by the application device 252. The 
product “P” which is to be dried by the apparatus 200, is fed 
there through in the feed direction “F” toward the outfeed end 
218. 

0107 The product “P” while supported on the support 
surface 230 and moved through the apparatus 200 in the 
direction “F” passes the heater bank 260 which can be posi 
tioned in Substantially juxtaposed relation to the second side 
232 of the support surface so as to be exposed thereto as 
shown. The heater bank 260 comprises one or more first heat 
sources 261 and one or more second heat sources 262 which 
are configured to direct radiant heat “H” toward the second 
side 232 and through the support surface 230 to heat the 
product “P” which is moved in the direction “F” 
0108. The heater bank 260 can also comprise one or more 
third heat sources 263 and one or more pre-heater heat 
sources 269 which are also configured to direct radiant heat 
“H” toward the second side 232 to heat the product “P” The 
product “P” while moving on the support surface 230 in the 
feed direction “F” is dried by the radiantheat “H” to a desired 
moisture content, and then removed from the Support Surface 
at the out feed end 218 by the removal device 254. 
0109. The product “P” once removed from the support 
surface 230, can be collected in a collection hopper 256 or the 
like for storage, packaging, or further processing. The Support 
surface 230, once the product “P” is removed there from, 
returns to the intake end 216 whereupon additional product 
can be applied by the application device 252. 
0110. In order to promote efficient product drying as well 
as high product quality, conditioned air 'A' can be provided 
by an air conditioning unit (HVAC) 245, and can be circulated 
about the product “P” by way of the enclosure 246, intake 
duct 226, and outlet duct 228 as the product is moved through 
the apparatus 200 in the feed direction “F” concurrent with 
the direction of the movement of the product. 
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0111. As a further enhancement to production rate and 
product quality, a plurality of control Zones can be employed. 
The term “control Zone' means a stationary region defined on 
the apparatus 200 through which the product “P” is moved 
and in which region radiant heat is Substantially exclusively 
directed at the product by one or more dedicated heat sources 
which are regulated independently of heat sources outside of 
the region. That is, a given control Zone includes a dedicated 
servomechanism for controlling the amount of heat directed 
at the product “P” which is within the given control Zone, 
wherein the amount of heat is a function of a measured char 
acteristic of the product. 
0112. As is seen, the support surface 230 is configured to 
move the product “P” in succession through a first control 
Zone ZI, and then through a second control Zone Z2. This can 
be followed by a third control Zone Z3. Within the first control 
Zone Z1, one or more first heat sources 261 direct radiantheat 
“H” across the gap “G” toward the product “P” as the product 
moves through the first control Zone. Likewise, within the 
second control Zone Z2 and within the third control Zone Z3, 
one or more second heat Sources 262 and one or more third 
heat sources 263, respectively, direct radiant heat “R” across 
the gap “G” toward the product “P” as the product moves 
through the second and third control Zones, respectively. 
0113. The temperature of, and thus the amount of heat “H” 
produced by, the first radiant heat sources 261 is regulated 
independently of the temperature of, and amount of heat 
produced by, the second heat sources 262. Similarly, the third 
heat sources 263 are regulated independently of the first and 
second heat sources 261,262. The use of the control Zones Z1, 
Z2, Z3 can provide for greater control of production param 
eters as compared to prior art devices. 
0114. That is, specific product profiles and heat curves can 
be attained with the use of the apparatus 200 because the 
product “P” can be exposed to different amounts of heat “H” 
in each control Zone ZI, Z2, Z3. Specifically, for example, the 
first heat sources 261 can be configured to produce heat “R” 
at a first temperature. The second heat sources 262 can be 
configured to produce heat “H” at a second temperature 
which is different from the first temperature. Likewise, the 
third heat sources 263 can be configured to produce heat “H” 
at a third temperature. 
0115 Thus, as the product “P” proceeds through the appa 
ratus in the feed direction “F” the product can be exposed to 
a different amount of heat'H' in each of the control Zones Z1, 
Z2, Z3. This can be particularly useful, for example, in 
decreasing the drying time of the product “P” as compared to 
drying times in prior art apparatus. This can be accomplished 
by rapidly attaining a given temperature of the product “P” 
and then maintaining the given temperature as the product 
proceeds in Succession through the control Zones ZI, Z2, Z3. 
The use of the control Zones Z1, Z2, Z3 can also be useful in 
providing tight control of the amount of heat “H” which is 
transmitted to the product “P” so as to provide greater product 
quality. That is, product quality can be enhanced by utilizing 
the control Zones ZI, Z2, Z3 to minimize over-exposure and 
under-exposure of the product “P” to heat energy “H.” 
0116 Assuming a given product “P” is relatively moist 
and at ambient temperature when placed onto the Support 
surface 230 by the application device 252, a relatively large 
amount of heat “H” is required to raise the temperature of the 
product to a given temperature such as 100 degrees Centi 
grade. Thus, a pre-heater heat source 269 can be employed to 
pre-heat the product “P” before the product enters the first 
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control Zone ZI. The pre-heater heat source 269 can be con 
figured to continually produce radiantheat"Hata maximum 
temperature and to direct a maximum amount of heat “H” to 
the product “P” 
0117. As the product “P” enters the first control Zone Z1, 
the first heat sources 261 within the first control Zone Z1 can 
be configured to produce an amount of heat “H” which suf 
ficient to attain the given desired product temperature. The 
first sensor 281, in conjunction with the controller 250, can be 
employed to regulate the temperature of the first heat sources 
261 in order to transfer the desired amount of heat “H” to the 
product “P” The first sensor 281 is configured to detect and 
measure at least one given characteristic of the product “P” 
while the product is within the first control Zone Z1. For 
example, the first sensor 281 can be configured to detect and 
measure the temperature of the product “P” while the product 
is within the first control Zone ZI. 

0118. The first sensor 281 can detect and measure a char 
acteristic of the product “P” while the product is in the first 
control Zone Z1 and then relay that measured characteristic to 
the controller 250. The controller 250 can then use the mea 
surement from the first sensor 281 to modulate the tempera 
ture, or heat output, of the first heat sources 261. That is, the 
heat “H” produced by the first heat sources 261 can be regu 
lated as a function of a measured product characteristic of the 
product “P” within the first control Zone Z1 as detected and 
measured by the first sensor 281. This measured product 
characteristic can include, for example, the temperature of the 
product. 
0119 The second sensor 282 is similarly employed to 
detect and measure at least one characteristic of the product 
“P” while the product is within the second control Zone Z2. 
Likewise, the third sensor 283 can be employed to detect and 
measure at least one characteristic of the product “P” while 
the product is within the third control Zone Z3. 
0.120. The product characteristics detected and measured 
by the second and third sensors 282, 283 within the second 
and third control Zones Z2, Z3, respectively, can be likewise 
utilized to modulate the amount of heat “H” produced by the 
second and the third heat sources 262, 263 to maintain a 
specific temperature profile of the product “P” as the product 
progresses through each of the control Zones. 
I0121. In the case wherein the product “P” is heated rapidly 
to a given temperature and then maintained at the given tem 
perature, the first heat sources 261 will likely produce heat 
“H” at a relatively high temperature in' order to rapidly 
increase the product temperature to the given temperature by 
the time the product “P” leaves the first Zone Z1. Assuming 
that the product “P” is at the given temperature when entering 
the second control Zone Z2, the second and third heat Sources 
262, 263 will produce heat “H” at a successively lower tem 
peratures because less heat “H” is required to maintain the 
temperature of the product as the moisture content thereof 
decreases. 

0.122. As mentioned above, the sensors 281.282,283 can 
be configured to detect and measure any of a number of 
product characteristics, such as moisture content. This can be 
particularly beneficial to the production of a high-quality 
product “P” For example, in the above case wherein the 
product temperature has reached the given temperature as the 
product “P” enters the second control Zone Z2, the second and 
third sensors 282,283 can detect and measure product mois 
ture content as the product progresses through the respective 
second and third control Zones Z2, Z3. 
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0123. If the second sensor 282 detects and measures a 
relatively high product moisture content of the product “P” 
within the second control Zone Z2, then the controller 250 can 
modulate the second heat sources 262 So as to continue to 
maintain the product temperature at the given temperature in 
order to continue drying of the product. However, if the sec 
ond sensor 282 detects a relatively low product moisture 
content, then the controller 250 can modulate the second heat 
Sources 262 so as to reduce the product temperature in order 
to prevent over-drying the product “P” 
0124 Likewise, the third sensor 283 can detect and mea 
sure product moisture content within the third control Zone 
Z3, whereupon the controller can determine the proper 
amount of heat “H” to be produced by the third heat sources 
263. Although three control Zones ZI, Z2, Z3 are depicted, it 
is understood that any number of control Zones can be incor 
porated in accordance with the present invention. 
0.125. In furtherance of the description of the interaction 
between the controller 250, the sensors 281,282,283, and the 
heat sources 261,262, 263 provided by the above example, a 
given control Zone ZI, Z2, Z3 can be described as a separate, 
independent, and exclusive control loop which comprises 
each associated sensor and each associated heat Source 
located within the given control Zone, and which is, along 
with the controller, configured to independently regulate the 
amount of heat “H” produced by the associated heat sources 
as a function of at least one characteristic of the product “P” 
measured by the associated sensor. 
0.126 That is, each sensor 281,282,283 associated with a 
given control Zone Z1, Z2, Z3, can be considered as config 
ured to provide control feedback to the controller 250 exclu 
sively with regard to characteristics of a portion of the product 
“P” which is in the given control Zone. The controller 250 can 
use the feedback to adjust the output of the heat sources 261, 
262, 263 in accordance with a temperature profile or other 
such parameters defined by the operator or otherwise stored 
within the controller. 
0127. In addition to decreasing the drying time of the 
product “P” as compared to prior art drying apparatus, the 
plurality of control zones ZI, Z2, Z3 of the apparatus 200 can 
also be employed to attain specific product profiles which can 
be beneficial to the quality of the product as described above 
for the apparatus 100. 
0128. For example, it can be assumed that the quality of a 
given product “P” can be maximized by following a given 
product temperature profile during drying. The given product 
temperature profile can dictate that, as the product “P” passes 
Successively through the first, second, and third control Zones 
ZI, Z2, Z3, the temperature of the product initially increases 
rapidly to a maximum given temperature, whereupon the 
temperature of the product “P” gradually decreases until it is 
removed from the support surface 23U. In that case, the first 
sensor 281, first heat sources 261 and controller 250 can 
operate in a manner similar to that described above in order to 
rapidly increase the product “P” temperature to a first tem 
perature which can be reached as the product “P” passes 
through the first control Zone Z1. The first temperature can 
correspond to a relatively large amount of heat “H” which is 
transferred to the product “P” which initially contains a high 
percentage of moisture. 
0129. As the product “P” passes through the second con 

trol Zone Z2, the second sensor 282, second heat sources 262 
and controller 250 can operate to decrease the product tem 
perature to a relatively medium second temperature which is 
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lower than the first temperature. The second temperature can 
correspond to a lesser amount of heat “H” which is required as 
the moisture content of the product “P” drops. 
0.130. Likewise, as the product “P” passes through the 
third control Zone Z3, the third sensor 283, third heat sources 
263 and controller 250 can operate to decrease the product 
temperature further to a relatively low third temperature 
which is lower than the second temperature. The third tem 
perature can correspond to a relatively low amount of heat 
“H” which is required as the product “P” approaches the 
desired dryness. 
I0131. In addition to regulating the temperature of the heat 
sources 261,262.263, the controller 250 can also be config 
ured to regulate the speed of the support surface 230 relative 
to the chassis 210. This can be accomplished by configuring 
the controller 250 so as to modulate the speed of the actuator 
240. For example, as in the case where the actuator 240 is an 
A/C electric motor, the controller can be configured so as to 
modulate the variable speed control unit 244 by way of a 
servo or the like. 
0.132. The speed or rate of movement, of the support sur 
face 230 can affect the process of drying the product “P” 
which is performed by the apparatus 200. For example, a 
relatively slow speed of the support surface 230 can increase 
the amount of heat “H” which is absorbed by the product “P” 
because the slower speed will cause the product to be exposed 
to the heat “H” for a longer period of time. Conversely, a 
relatively fast speed of the support surface 230 can decrease 
the amount of heat “H” which is absorbed by the product “P” 
because the faster speed will result in less exposure time 
during which the product is exposed to the heat. 
0.133 Moreover, the controller 250 can also be configured 
to regulate various qualities of the conditioned air “A” which 
can be made to circulate through the enclosure 246. For 
example, the controller 250 can be made to regulate the flow 
rate, relative humidity, and temperature of the conditioned air 
“A.” These qualities of the conditioned air 'A' can have an 
affect on both the drying time and quality of the product “P” 
I0134. In another alternative embodiment of the apparatus 
200 which is not shown, the enclosure 246 can be configured 
So as to be substantially sealed against outside atmospheric 
air. In that case, the chemical composition of the conditioned 
air “A” can be controlled so as to affect the drying process in 
specific manners, or to affect or preserve the chemical prop 
erties of the product “P” For example, the conditioned air “A” 
can Substantially be inert gas which can act to prevent oxida 
tion of the product “P” 
0.135 Moving to FIG. 5, a schematic diagram is shown 
which depicts one possible configuration of the apparatus 200 
which comprises a plurality of communication links 257. The 
communication links 257 are configured to provide for the 
transmission of data signals between the various components 
of the apparatus 200. The communication links 257 can be 
configured as any of a number of possible communication 
means, including those of hard wire and fiber optic. In addi 
tion, the communication links 257 can comprise wireless 
communication means including infrared wave, micro wave, 
Sound wave, radio wave and the like. 
0.136. A readable memory storage device 255, such as a 
digital memory, can be included within the controller 250. 
The readable memory device 255 can be employed to store 
data regarding the operational aspects of the apparatus 200 
which are received by the controller by way of the commu 
nication links 257, as well as set points and other stored values 
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and data which can be used by the controller 250 to control the 
drying process. The controller 250 can also include at least 
one algorithm 253 which can be employed to carry out vari 
ous decision-making processes required during operation of 
the apparatus 200. 
0.137 The decision-making processes taken into account 
by the algorithm 253 can include maintaining integrated coor 
dination of the several variable control aspects of the appara 
tus 200. These variable control aspects comprise the speed of 
the support surface 230, the amount of heat “H” produced by 
each of the heat sources 261, 262. 263,269, and the product 
characteristic measurements received from the sensors 281, 
282, 283. Additionally, the algorithm 253 can be required to 
carry out the operational decision-making processes in accor 
dance with various set production parameters such as a prod 
uct temperature profile and production rate. 
0.138. The communication links 257 can provide data 
transmission between the controller 250 and the operator 
interface 235 which can comprise a display screen 237 and a 
keypad 239. That is, the communication links 257 between 
the controller 250 and operator interface 235 can provide for 
the communication of data from the controller to the operator 
by way of the display Screen. Such data can include various 
aspects of the apparatus 200 including the temperature and 
moisture content of the product “P” with regard to the posi 
tion of the product within each of the control Zones ZI, Z2, Z3. 
0.139. Additionally, such data can include the speed of the 
support surface with respect to the chassis 210 and the tem 
perature of each of the heat sources 261,262, 263,269. The 
communication links 257 can also provide for data to be 
communicated from the operator to the controller 250 by way 
of the keypad 239 or the like. Such data can include opera 
tional commands including the specification by the operator 
of a given product temperature profile. 
0140. A communication link 257 can be provided between 
the controller 250 and the HV AC unit 245 so as to commu 
nicate data there between. Such data can include commands 
from the controller 250 to the HVAC unit 245 which specify 
a given temperature, humidity, or the like, of the conditioned 
air “A” A communication link 257 can also be provided 
between the controller 250 and the actuator 240 so as to 
communicate data there between. This data can include com 
mands from the controller 250 to the actuator which specify a 
given speed of the support surface 230. 
0141 Additional communication links 257 can be pro 
vided between the controller 250 and each 20 of the sensors 
281, 282,283 so as to communicate data between each of the 
sensors and the controller. Such data can include measure 
ments of various characteristics of the product “P” as 
described above for FIG. 4. Other communication links 257 
can be provided between the controller 250 and each of the 
heat sources 261,262,263,269 so as to provide transmission 
of data there between. 

0142. This data can include commands from the controller 
250 to each of the heat sources 261,262, 263,269 which 
instruct each of the heat sources as to the amount of heat 'H' 
to produce. As can be seen, the apparatus 200 can include a 
plurality of control devices 231, wherein one each of the 
control devices is connected by way of respective communi 
cation links 257 to the controller 250. Each of the control 
devices can be configured in the manner of the control device 
131 which is described above for FIG. 3. In accordance with 
a sixth embodiment of the present invention, a method of 
drying a product includes providing a Support Surface which 
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has a first side, and an opposite second side, and Supporting 
the product on the first side while directing radiant heat 
toward product. Preferably, the support surface can allow 
radiant heat to pass there through so as to heat the product. 
The support surface can be a substantially flexible sheet. 
Alternatively, the Support Surface can be substantially rigid. 
0143. The method can further include the step of measur 
ing a characteristic of the product, along with regulating the 
amount of radiant heat directed toward the second side as a 
function of the measured characteristic. The measured char 
acteristic can include the temperature of the product, the 
moisture content of the product, and the chemical composi 
tion of the product. The characteristic can be detected and 
measured intermittently at given intervals, or it can be mea 
Sured continually over a given time interval. 
0144. The method can also include moving the support 
Surface so as to move the product past the heat source. Alter 
natively, the method can include moving the Support Surface 
So as to move the product through a plurality of control Zones 
in Succession, and providing a plurality of heat Sources, 
wherein each control Zone has at least one associated heat 
Source dedicated exclusively to directing radiant heat within 
the associated control Zone. 

0145. In other words, the method can include regulating 
the temperature of the heat sources within any given control 
Zone independently of the temperature of any other heat 
Sources outside the given control Zone. This can allow pro 
ducing and maintaining a given temperature profile of the 
product as the product is moved through the control Zones. 
0146 The method can further include providing a plural 
ity of sensors, wherein any given control Zone has at least one 
sensor dedicated exclusively to detecting and measuring at 
least one characteristic of the product within the given control 
Zone. This can allow regulating the temperature of each heat 
Source in any given control Zone as a function of at least one 
characteristic of the product within the given control Zone. As 
noted above, the characteristics can include the temperature, 
moisture content, and chemical composition of the product, 
among others. 
0147 The rate of movement of the support surface relative 
to the control Zones can also be regulated in accordance with 
the method. Additionally, an enclosure can be provided to aid 
in circulating conditioned air about the product as the product 
is processed by the apparatus. The quality of the conditioned 
air can be controlled, wherein such qualities can include the 
temperature, humidity, and chemical makeup of the condi 
tioned air. The method can include annealing the product 
which the product is Supported on the Support Surface. 
0.148 While the above invention has been described in 
language more or less specific as to structural and methodical 
features, it is to be understood, however, that the invention is 
not limited to the specific features shown and described, since 
the means herein disclosed comprise preferred forms of put 
ting the invention into effect. The invention is, therefore, 
claimed in any of its forms or modifications within the proper 
Scope of the appended claims appropriately interpreted in 
accordance with the doctrine of equivalents. 

I claim: 

1. A method of drying liquid products, comprising: 
applying a layer of liquid product onto the product Support 

side of a Support Surface with a product support side and 
an opposite side; 
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directing radiant heat at the opposite side of the Support 
Surface from one or more dry radiant heat sources 
located below the support surface; 

moving the Support Surface relative to the one or more dry 
radiant heat Sources to convey the liquid product past 
one or more of the dry radiant heat sources, which heat 
the liquid product and cause moisture to be removed 
therefrom. 

2. The method of claim 1, wherein the liquid product com 
prises a liquid colloidal Suspension, a solution, a syrup, or a 
paste. 

3. The method of claim 1, wherein the liquid product com 
prises a liquid food product comprising a liquid colloidal 
Suspension, a solution, a syrup, or a paste. 

4. The method of claim 1, wherein the liquid product is 
heated only by dry radiant heat sources located below the 
Support Surface. 

5. The method of claim 1, wherein at least one of the one or 
more dry radiant heat sources reaches a temperature greater 
than 100 degrees, Centigrade, as it heats the liquid product. 

6. The method of claim 1, wherein the liquid product is 
substantially dried and self-adheres to the support surface, 
and the method further comprises removing the dried product 
from the support surface with a product removal device. 

7. The method of claim 6, wherein the support surface 
moves partially around and slides against a corner positioned 
adjacent the opposite side of the Support Surface and the 
product removal device is positioned adjacent the Support 
side of the Support surface opposite the corner such that as the 
Support Surface moves between the corner and the product 
removal device, the dried product is removed from the Sup 
port Surface. 

8. The method of claim 7, wherein the corner defines a 
turning radius for the Support Surface that is not more than 
twenty times the thickness of the Support Surface. 

9. The method of claim8, wherein the support surface turns 
between 90 degrees and 175 degrees when passing over the 
COC. 

10. The method of claim 7, wherein the support surface 
conveys the product in a conveying direction and the corner 
has a flat surface that is oriented at an angle greater than 90 
degrees with respect to the conveying direction Such that the 
corner causes the Support Surface to turn greater than 90 
degrees when passing over the flat surface. 

11. The method of claim 1, further comprising flowing 
conditioned air over the liquid product Supported on the Sup 
port Surface to promote drying of the product. 

12. The method of claim 11, wherein the conditioned air 
flows over the liquid product and upwardly through an outlet 
of a hood positioned over the Support Surface. 

13. The method of claim 11, further comprising regulating 
the flow rate of the conditioned air flowing over the product. 

14. The method of claim 11, further comprising regulating 
the humidity of the conditioned air flowing over the product. 

15. The method of claim 11, further comprising regulating 
the temperature of the conditioned air flowing over the prod 
uct. 

16. The method of claim 1, wherein there are no dry radiant 
heat Sources located above the Support Surface heating the 
liquid food product. 
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17. A method of drying a product, comprising: 
applying a product onto the product support side of a Sup 

port Surface with a product Support side and an opposite 
side; 

directing radiant heat at the opposite side of the Support 
Surface from one or more dry radiant heat Sources 
located below the support surface, wherein there are no 
dry radiant heat sources located above the Support Sur 
face heating the product; 

moving the Support Surface relative to the one or more dry 
radiant heat sources to convey the product past one or 
more of the dry radiant heat sources, which heat the 
product and cause moisture to be removed therefrom; 

monitoring the temperature of the product on the Support 
Surface with a temperature sensor, and 

controlling the one or more heat Sources with a controller, 
which is in communication with the temperature sensor 
and modulates the one or more heat sources to regulate 
the amount of radiant heat directed toward the support 
Surface in response to measurements made by the tem 
perature sensor. 

18. The method of claim 17, wherein the heat sources are 
controlled by a proportional control system in which the 
controller modulates the temperature of the one or more heat 
Sources to regulate the amount of radiant heat directed toward 
the Support Surface in direct proportion to measurements 
made by the temperature sensor. 

19. The method of claim 17, wherein the heat sources are 
controlled by an on/off control system in which the controller 
controls the one or more heat Sources to turn on and off to 
regulate the amount of radiant heat directed toward the Sup 
port Surface in response to measurements made by the tem 
perature sensor. 

20. The method of claim 17, wherein the one or more dry 
radiant heat Sources cause Sufficient moisture to be removed 
from the product such that it becomes substantially dry. 

21. The method of claim 17, wherein at least one of the one 
or more dry radiantheat sources exceeds a temperature of 100 
degrees, Centigrade, as it heats the product. 

22. The method of claim 17, further comprising drawing 
conditioned air over the product Supported on the Support 
Surface. 

23. The method of claim 22, wherein a hood positioned 
over the support surface draws conditioned air over the prod 
uct and upwardly through an outlet. 

24. The method of claim 18, wherein: 
the one or more dry radiant heat sources are arranged in a 

plurality of control Zones, each control Zone comprising 
one or more dry radiant heat sources; 

the temperature of the product in each control Zone is 
monitored with a temperature sensor within each control 
Zone and in communication with the controller, 

the controller proportionally modulates the temperature of 
the one or more heat Sources in each control Zone in 
direct proportion to measurements made by the tempera 
ture SensOrS. 

25. The method of claim 17, wherein the one or more 
radiant heat Sources comprise quartz heaters, ceramic heaters, 
or natural gas heaters. 

26. The method of claim 18, wherein the proportional 
control system comprises an electrical relay in communica 
tion with the one or more heat sources and the controller. 
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